PF 53842 _ 10/522715 

OWHec'd PCT/PTO 2 8 JAN 2005 

i 

Water-emulsifiable isocyanates with improved properties 

The invention relates to water-emulsifiable isocyanates 
5 possessing improved emulsif lability and featuring increased 
hardness of coatings obtained using them, to processes for 
preparing them, and to their use. 

water-emulsifiable polyisocyanates are added as crosslinking 
10 agents to aqueous polymer dispersions and have been widely 

described in the literature. Emulsif lability in water is brought 
about by blending the polyisocyanates with emulsifiers which are 
obtained by reacting the polyisocyanates with hydrophilic 
molecules . 



15 Hydrophilic molecules commonly used include nonionic hydrophilic 
molecules such as polyalkylene oxide alcohols. 

EP-A2 206 059 describes water-dispersible polyisocyanate 
20 formulations comprising an aliphatic polyisocyanate and a 

reaction product of an aliphatic polyisocyanate with a monohydric 
or polyhydric, nonionic polyalkylene ether alcohol emulsif ler 
which has at least one polyether chain containing at least 10 
ethylene oxide units. As suitable polyisocyanates, extensive 
25 lists are given of aliphatic and cycloaliphatic diisocyanates , 
more preferably isocyanurates and biurets based on 
1 6-diisocyanatohexane (HDI) and/or isocyanurates based on 
l-isocyanato-3 , 5 , 5-trimethyl-5-isocyanatomethylcyclohexane 

( IPDI ) . 

30 EP-A1 540 985 likewise describes polyisocyanate mixtures, but in 
this case the polyether chains have an average ethylene oxide 
unit content of from 5.0 to 9.9. 

35 EP-A2 486 881 describes nonaqueous aliphatic polyisocyanate 

formulations comprising polyisocyanates from a list of aliphatic 
polyisocyanates and comprising an amount, sufficient to ensure 
the dispersibility of the aliphatic polyisocyanate, of a reaction 
product of an aromatic or aliphatic diisocyanate and a monohydric 

40 or polyhydric polyalkylene ether alcohol having at least 8 
ethylene oxide units in the polyether chain. 

DE-A1 199 58 170 describes polyether-modif ied, water-dispersible 
polyisocyanate mixtures which have been modified with monohydric 
45 oolyalkylene oxide polyether alcohols. Very particular preference 
is given to polyisocyanates or polyisocyanate mixtures with an 
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isocyanurate structure based on HDI, IPDI and/or 
4,4' -diisocyanatodicyclohexylmethane . 

DE-Al 198 22 890 describes aqueous two-component polyurethane 
5 coating systems whose hardener component is prepared from 

PolyalKylene oxide polyether alcohols and aliphatically and/or 
cycloaliphatically attached isocyanate groups, preferably 
isocyanurate structures based on HDI, IPDI and/or 
4 T-diisocyanatodicyclohexylmethane, under allophanatization 
10 onditions/xhe predominant attachment of P~er f ™ * ™* 
of allophanate groups is also known from DE-Al 198 47 077. 

Nonionic emulsifiers described include 

polyvinylpyrrolidone-modified polyisocyanates (EP-A2 754 713). 

" Also in use as actively dispersing units are P°lY*W en * ° xide 
ethers containing carboxylic acid groups, as described in 
DE-Al 100 07 820 and DE-Al 41 13 160, or polyether ester alcohols 
(EP-A1 728 785). 

20 DE-Al 40 01 783 describes polyisocyanate mixtures which, with a 
uretdione content of 1 to 23% by weight, contain chemically 
bonded carboxyl groups for dispersibility . 

25 Furthermore, carboxyl-containing compounds are described as 
emulsifiers (EP— A2 548 669), tertiary amino and/or ammonium 
groups (EP-Al 582 166 and EP-Al 531 820), acidic esters of 
Phosphoric acid (DE-Al 197 24 199) or sulfonic acids 
(EP-Al 703 255) . 

30 a disadvantage of the polyisocyanate mixtures described is that 
they do not meet the requirements imposed on the hardness of the 
coatings obtainable using them. 

35 water-emulsifiable isocyanates can be dissolved in organic 

solvents such as, for example, carbonic esters or ^tones for 
the purpose of improving dispersibility , as described in 
EP-A 697 424. 

even going as far as brittleness, is frequently employed rn 
blends with HDI derivatives in order to lessen the hardness. 

45 



PF 53842 

3 



2. 

10 
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users require the water-emulsif iable isocyanates to have the 
following properties: 

1 The isocyanate should be easy to emulsify; having to use 

Landing apparatus such as high-shear stirring elements xs 
deprecated. 

The emulsion should be fine, since otherwise the gloss may be 
disrupted or turbidity may appear, for example. 

in the case of coatings, a frequent desire is for a high 
ultimate hardness. 

4. The ultimate hardness should be attained as quickly as 
15 possible. 

It is an object of the present invention to provide 
water-emulsif iable polyisocyanates which exhxbxt 
emulsif lability properties and with which it xs possible to 
20 produce coatings having high hardness, rapxd xncrease xn 
hardness, and enhanced emulsif lability at the same txme. 

We have found that this object is achieved by mixtures comprising 
25 (A) an isocyanurate and/or biuret of 1 , 6-diisocyanatohexane 
(HDI) , 

30 (IPDI), 

(C) at least one emulsif ier r and 

(D) if desired, solvent. 

35 The mixtures of the invention prove readily emulsif iable, lead to 
a fine! stable emulsion, and can be used to give coatxngs whxch 
exhibl; a rapid increase in hardness and a high ultxmate 
hardness . 

40 Polyisocyanates (A) are isocyanurates (Al) and/or biurets <A2) of 
re-aiisocyanatohexane (HDI) . In accordance with the -ventxon 
inis indies those polyisocyanates composed to an extent of at 
least 50% by weight, preferably at least 66%, more Preferably at 
45 least 75%, very preferably at least 85%, and xn partxcular at 
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least 95% by weight, of compounds of the formula (la) and/or 
(lb), 



(CH^CO ( Ia > 



10 ~ 

O Q 



OCN(CH 2 )^ N A N A N /(CH 2 ) 6 NCO 

H | H 

(CH^CO (ib) 



15 

and their higher homologues 



The composition of the polyisocyanates , x.e., for example the . 
20 fractions of isocyanurates and/or biurets and thexrhxgher 
homologues, and the average functionary are determined i 
specification by gel permeation chromatography using polystyrene 
as standard and tetrahydrofuran as eluent. 

25 Polyisocyanates (B) are isocyanurates of 

l-isocyanato-3 , 5 , 5-trimethyl-5-isocyanatomethylcyclohexane 
(IPDI). in accordance with the invention, this includes those 
polyisocyanates which are composed to an extent of * 
by weighl preferably at least 66%, more Z ' 

30 very preferably at least 85%, and in particular at least 95% by 
weight, of the compound of the formula (II), 

o 

CKDUOcX. X-NCO 
X-NCO 



40 in which X is 



45 
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and their higher homologues. 

Suitable emulsifiers (C) in accordance with the invention are 
5 compounds obtainable by reacting at least part of one of the 
abovementioned compounds (A) and/or (B, with at least one 
component (CI) containing at least one ^^^^^ophllic 
toward isocyanate groups and containing at least one hydrop 
group. (CI) is referred to below as "hydrophxle . 

10 Tholes of isocyanate-reactive groups are hydroxyl groups (-0H), 
Substituted o/monosubstituted amino groups or mercapto groups 
( _SH), preferably hydroxyl groups. 

15 Generally, therefore, the emulsifiers (C) contain component (CI) 
in chemically attached form. 

The component* (CI, may. for example, JTSlSd 
are known in the prior art: for example, from the prror art . 
20 in the introduction. 

in particular, these may be compounds which contain at least one 
isocyanate-reactive group and 

- (Cla) at least one cationic hydrophilic group, 
25 - (Clb) at least one anionic hydrophilic group or 

- (Clc) at least one nonionic hydrophilic group. 

group . 

,5 compounds ,CU) contain at least one ^"^^^ ^ 
»„h .t least one cationic hydrophilic group or at least one 
hyoroPhilic group which can be converted into a cationic group, 
ano are, for example, compounds such as those described in 
S-M 582 166, especially from page 5 line 42 to page • *%£L 
40 and in particular from page 9 line 19 to page 15 line 3 «J*^" n ' 
„r in EP-M 531 820, especially from page 3 line 21 to page 4 
line 57 therein, or in DE— Al 42 03 510, especially from page 3 
line 49 to Page 5 line 35 therein. Those documents are explicitly 
incorporated Into the present disclosure content by reference. 



45 
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compounds (Clb) contain at least one isoc y anate - r ^!^ V ^e 
and at least one anionic hydrophilic group or at least one 
hydrophilic group which can be converted into an anxonx group, 
and are, for example, compounds as described xn EP-Al 703 255, 
5 especially from page 3 line 54 to page 4 line 38 therexn, xn 
DE-A1 197 24 199, especially on page 3 lines 4 to 30 therexn xn 
DE-Al 40 10 783, especially column 3 lines 3 to 40 therexn, xn 
DE-Al 41 13 160, especially from column 3 line 63 to column 4 
line 4 therein, and in EP-A2 548 669, especially from page 4 Ixne 
10 50 to page 5 line 6 therein. Those documents are expressly hereby 
1 incorporated into the present disclosure content by reference. 

compounds (Clc) contain at least one isocyanate-reactive group 
and at least one nonionic hydrophilic group and are for example 
15 compound as described in EP-A2 754 713, especially on page 3 
lines 31 to 51 therein, in EP-A2 206 059, especxally on page 8 
xine 33 to page 9 line 26 therein, in EP-A2 486 881, especxally 
on nage 2 lines 42 to 54 therein, in EP-Al 540 985, especially on 
page TlLes 43 to 58 therein, in EP-Al 728 785, especxa y on . 
20 page 4 line 55 to page 5 line 54 therexn, xn EP-Al 959 115, 

especially on page 4 lines 23 to 46 therexn, xn DE-Al 199 58 170, 
especially on page 4 lines 22 to 48 therexn, /-« "^LIS. 
820, especially from page 4 line 10 to page 5 Ixne 12 therexn. 
Those documents are hereby expressly xncorporated xnto the 
25 present disclosure content by reference. 

The hydrophiles (CI) are preferably compounds (Clc) containing at 
Sas^ one isocyanate-reactive group and at least one nonxonxc 
" hydrophilic group. 

Particularly preferred hydrophiles (Clc) are P 01 ^ 6 ^.^^ 
polyether alcohols obtainable by alkoxylatxng suxtable xnxtxator 



molecules . 

35 suitable initiator molecules for the preparation of monohydric 
Polygene oxide polyether alcohols are thiol compounds, 
monohydroxy compounds of the formula 

Ri-O-H 

40 

or secondary monoamines of the formula 

R2R3N-H, 

45 k" If "and V independently of one another are each Cl -C„ aUcyl, 
C^.'."yl uninterrupted or interrupted by one or more oxygen 
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and/or sulfur atoms and/or by one or more substituted or 
"substituted imino groups, or are C 6 -^ 12 aryl QHfc. cycloalkyl 
or a five- or six-membered heterocycle containing oxygen, 
nitrogen and/or sulfur atoms, or R 2 and R3 together form an 

5 unsaturated, saturated or aromatic ring whose members are 

uninterrupted or interrupted by one or more oxygen and/or sulfur 
! !L/or bv one or more substituted or unsubstituted imino 

nuns It Ling possible for the radicals mentioned each to be 
furti-fedTfunctional groups, aryl, alkyl, aryloxy, alkyloxy, 

10 halogen, heteroatoms and/or heterocycles. 

Preferably * is C x to C 4 alkyl, i.e., methyl, ethyl, iso-propyl, 
n-Propy^, n-butyl, iso-butyl, sec-butyl or tert-butyl; very 
preferably R 1 is methyl. 

" Examples of suitable monofunctional initiator molecules may be 
SSd monoalcohols such as methanol, ethanol , ; 
isopropanol, n-butanol, isobutanol, sec-bu tanol ^ " onieriC 
pentanols, hexanols, octanols and nonanols, n-decanol, 

ZlTJl 1 i-dimethylallyl alcohol or oleyl alcohol, aromatic 

diisoDutylamine, bis (2-ethylhexyl) amine, N-methyl- and 

IH-pyrazole, and also amino alcohols such as 
2-dimethylaminoethanol, 2-diethylaminoethanol, 
2-diisopropylaminoethanol, 2-dibutylaminoethanol, 
35 3-tdimethylLino,-l-propanol or 1 - ( dimethylamino)-2-propanol. 

Alkvlene oxides suitable for the alkoxylation reaction are 
ethylene oxide, propylene oxide, iso-butylene oxide -yl-rane 
and/or styrene oxide, which may be used m any order or else 
40 mixture in the alkoxylation reaction. 

Preferred alkylene oxides are ethylene oxide, propylene oxide, 
and mixtures thereof; particular preference is given to ethylene 
oxide . 

45 
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Preferred compounds (Clc) are polyether alcohols based on 
^tvalkvlene oxide polyether alcohols prepared usrng saturated 
Spnatlc or cycloaliphatic alcohols of the aboveraentioned type 
as initiator molecules. Very particular preference is given to 

5 tnose cased on polyalkylene oxide polyether alcohols prepared 

5 using sarurated'allphatic alcohols having 1 to 4 

the alkyl radical. Polyalkylene oxide polyether alcohols prepared 
starting from methanol are especially preferred. 



oxide units. 

15 



Preferred polyether alcohols (Clc) are, therefore, compounds of 
the formula 



Ri-0-[-Xi-]k-H 

20 

where 



?ZZZ2££T>*. 35. pre^y 7 to 30 r e 

25 preferably from 7 to 25, and in particular from 10 to 22, and 
" Teh xfcL be selected, independently of one another torj - 1 to 
k , from the group consisting of -CH 2 -CH 2 -0-, -^-C^CB ^ ° ' 

CH(CH 3 )-CH 2 -0-, -CH 2 -C(CH 3 )2-0-, -C(CH 3 ) 2 -CH 2 -0-, -CH 2 -CHVin O , 
-CHVin-CH 2 -0-, -CH 2 -CHPh-0- and -CHPh-CH 2 -0- , preferably from the 
30 grclp consisting of -CH 2 -CH 2 -0-, -CH 2 -CH(CH 3 )-0- and 
-CH(CH 3 )-CH 2 -0-, and more preferably -CH 2 -CH 2 -0- 
where Ph is phenyl and Vin is vinyl. 

The polyether alcohols may further contain, as *ydxophilic 
35 synthesis components, minor amounts of other 

compounds containing anionic or catiomc groups - for 

with carboxylate, sulfonate or ammonium groups. This, however, is 

less preferred. 

40 To prepare the component which is active as tC *j£z 
starting components (A) and/or (B) are react e*^™™^ 
at temperatures from 40 to 180°C, preferably 50 o 150 C 
observing an NCO/OH equivalents ratio of from 1 : 1 to "° ' \ 
preferably from 1 : 1 to 50 -. 1, more preferably from 1.5 . 1 

45 20 : 1. 
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The reaction time is generally 10 min to 5 hours, preferably 15 
min to 4 hours, more preferably 20 to 180 min, and very 
preferably 30 to 120 min. 

5 The eroulsifier (C), for example, may 

1) first be prepared from at least one compound (CI) and at least 
part of (A) and then admixed with the other components (B) and, 
where appropriate, (A), 

2) first be prepared from at least one compound (CI) and at least 
10 part of (B) and then admixed with the remaining components (A) 

and, where appropriate, (B), or 

3) first be prepared from at least one compound (CI) and at least 
part of (A) and (B) and then admixed, where appropriate, with the 
remaining components (B) and (A) . 

15 

Preference is given to variants 1) and 2). 

in order to accelerate the reaction it is possible where 
appropriate to use suitable catalysts. 

20 

These are the customary catalysts which are known for these 
purposes, examples being metal carboxylates, metal chelates or 
tertiary amines of the type described in GB-A-0 994 890, 
alkylating agents of the type described in US-A-3 769 318, or 
25 strong acids as described by way of example in EP-A-0 000 194. 

Suitable catalysts are, in particular, zinc compounds, such as 
zinc (II) stearate, zinc (II) n-octanoate, zinc (II) 
2-ethyl-l-hexanoate, zinc (II) naphthenate or zinc (II) 

30 acetylacetonate, tin compounds, such as tin(II) n-octanoate, 
tin(II) 2-ethyl-l-hexanoate, tin(II) laurate, dibutyltxn oxide, 
dibutyltin dichloride, dibutyltin diacetate, dibutyltin 
dilaurate, dibutyltin dimaleate or dioctyltin diacetate, aluminum 
tri(ethyl acetoacetate ) , iron(III) chloride, potassium octoate, 

35 manganese compounds, cobalt compounds or nickel compounds, and 
strong acids, such as trif luoroacetic acid, sulfuric acid, 
hydrogen chloride, hydrogen bromide, phosphoric acid or 
perchloric acid, for example, or any desired mixtures of these 
catalysts . 

40 i 

Suitable though less preferred catalysts for the process are also 
those catalysts as described for example in EP-A-0 649 866 on 
page 4 line 7 to page 5 line 15. 



45 
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Preferred catalysts for the process of the invention are zinc 
compounds of the abovementioned type. Very particular preference 
is given to using zinc (II) n-octanoate, zinc (II) 
2-ethyl-l-hexanoate and/or zinc (II) stearate. 

5 Where used, these catalysts are employed in an amount of from 
0.001 to 5% by weight, preferably 0.005 to 1% by weight, based on 
the overall weight of the reactants. 

10 The polyaddition reaction for preparing the polyurethane 
formulation of the invention may take place with particular 
preference in the presence of cesium salts, as described in the 
earlier German patent application of December 12, 2001 bearing 
the reference 10161156.0. Preferred cesium salts are compounds m 

15 which the following anions are employed: F-, CI , CIO", C10 3 , 

C10 4 -, Br", I", IO3-, CN", OCN", N0 2 ", N0 3 ", HCO3-, CO3 2 - , S , SH , 
HSO3-, S0 3 2-, HSO4-, S0 4 2", S 2 0 2 2", S 2 0 4 2-, S 2 0 5 2", S 2 0 6 2-, S 2 0 7 2 , 
S 2 0 8 2", H 2 P0 2 ", H 2 P0 4 -, HPO42-, PO4 3 -, P2O7 4 -, (OC n H 2n+1 ) , 
(C n H 2 ^x0 2 )-, (C n H 2n _ 3 0 2 )-, and (C n+1 H 2n _ 2 0 4 )2-, n standing for 

20 numbers from 1 to 20. 

Particularly preferred compounds are cesium carboxylates in which 
the anion is of the formula (C n H 2n _i0 2 )- or (C n+1 H 2n _ 2 0 4 )2 where n 
is from 1 to 20. Especially preferred cesium salts contain 
25 monocarboxylate anions of the formula (CnH^O,)- where n stands 
for numbers from 1 to 20. Particular mention may be made here of 
formate, acetate, propionate, hexanoate, and 2 -ethy lhexanoate . 

The cesium salts are used in amounts of from 0.01 to 10 mmol of 
30 cesium salt per kg of solvent-free reaction mixture. They are 
preferably used in amounts of from 0.05 to 2 mmol of cesium salt 
per kg of solvent-free reaction mixture. 

The cesium salts can be added to the reaction mixture in solid 
35 form, but preferably in dissolved form. Suitable solvents are 
polar, aprotic solvents or else protic solvents. Particularly 
suitable besides water are alcohols; especially suitable are 
polyols, such as are also used as synthesis units for 
polyurethanes, such as ethane-, propane-, and butane-diols, for 
40 example. The use of the cesium salts makes it possible to carry 
out the polyaddition reaction under the customary conditions. 

Addition to the reaction mixture may take place by any desired 
method. Thus, for example, it is possible to admix the catalyst 
45 (where used) either to the polyisocyanate component (A), (B) 
and/or to the emulsifier component (CI) before the beginning of 
the actual reaction. It is also possible to add the catalyst to 
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the reaction mixture at any time during the reaction or else, in 
a two-stage reaction regime, following the urethanization, i.e., 
when the NCO content corresponding theoretically to complete 
conversion of isocyanate and hydroxyl groups has been reached. 

5 The sequence in which components (A), (B), and (C) are mixed is 
not critical to the invention: for example, the components may be 
mixed with one another simultaneously, (C) , or at least part of 
it can be included in an initial charge and then (A) and/or (B) 

10 added to that initial charge, or (A) or (B), at least in part 
can be included in an initial charge, (C) can be added, and then 
the last component can be added. 

The course of the reaction can be monitored by determining the 
15 NCO content by means, for example, of titrimetry. When the target 
NCO content has been reached the reaction is terminated. In the 
case of a purely thermal reaction regime, this can be done, for 
example, by cooling the reaction mixture to room temperature. 
Where a catalyst of the aforementioned type is used, however, the 
20 reaction is generally stopped by adding suitable deactivators. 
Examples of suitable deactivators include organic or inorganic 
acids, the corresponding acid halides, and alkylating agents. 
Examples that may be mentioned include phosphoric acid, 
monochloroacetic acid, dodecylbenzenesulfonic acid, benzoyl 
25 chloride, dimethyl sulfate, and, preferably, dibutyl phosphate 
and also di-2-^thylhexyl phosphate. The deactivators can be used 
in amounts of from 1 to 200 mol%, preferably from 20 to 100 mol%, 
based on the number of moles of catalyst. 

30 The resultant polyisocyanate mixtures generally have an NCO 

content of preferably 6.0 to 23.0% by weight, more preferably 8.5 
to 22.0% by weight. 

The resulting polyisocyanate mixtures generally have a viscosity 
35 at 23°C of preferably 0.2 to 20 Pas, more preferably 0.5 to 8 Pas. 

The process may be carried out where appropriate in a suitable 
solvent (D) which is inert toward isocyanate groups. Examples of 
suitable solvents are the conventional paint solvents known per 

40 se, such as ethyl acetate, butyl acetate, ethylene glycol 
monomethyl or monoethyl ether acetate, 1-roethoxy- 2 -propyl 
acetate, 3-methoxy-n^butyl acetate, acetone, 2-butanone, 
iso-butyl methyl ketone, 4-methyl-2-pentanone, cyclohexanone, 
cyclopentanone, toluene, xylene, chlorobenzene , white spirit, 

45 aromatics with relatively high degrees of substitution, such as 
are sold, for example, under the names Solventnaphtha® , 
Solvesso®, Shellsol®, Isopar®, Nappar® and Diasol®, propylene 
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glycol diacetate, diethylene glycol dimethyl ether, dipropylene 
glycol dimethyl ether, diethylene glycol ethyl and butyl ether 
acetate, N-methy Ipyrrolidone , and N-methylcaprolactam, and also, 
preferably, carbonic esters or lactones, which are specified m 
5 £!a1 697 424, page 4 lines 4 to 32, more preferably dimethyl 
carbonate, diethyl carbonate, 1,2-ethylene carbonate and 
1 2-propylene carbonate, lactones such as p-propiolactone , 
Y :butyrolactone, s-caprolactone, and e-methylcaprolactone, or else 
any desired mixtures of such solvents. 

10 it is also possible first to prepare the isocyanates of the 

invention without solvent and then to use a solvent (D) to take 
up the product thus obtainable. 

15 The mixtures of the invention preferably comprise in solvent-free 
form 

(A) 30 - 90%, preferably 50 to 90%, by weight, 

( B) 5 - 60%, preferably 5 to 50%, by weight, and 
20 (CI) 5 - 40%, preferably 5 to 30%, by weight, 

the sum of (A), (B), and (CI) making 100% by weight, and 
including in each case the isocyanate (A) and/or <B) prepared to 
prepare the emulsifier (C) . 

25 Based on the total mixture, the solvent (D) may be present in 

amounts of from 0 to 60% by weight, preferably in amounts of from 
0 to 50% by weight. 

30 The mixtures of the invention may be dispersed preferably in 
water for the purpose of preparing aqueous dispersions; with 
particular preference, the mixtures of the invention are mixed 
into aqueous dispersions. 

35 The polyisocyanate formulation of the invention is suitable for 
modifying aqueous coating materials (paints, P"*^^^ 
for substrates such as wood, wood veneer, paper, paperboard 
cardboard, textile, leather, nonwoven, plastics f 
ceramic, mineral building materials such as cement moldings and 

40 fiber cement slabs, coated or uncoated metals, adhesives or 
impregnating compositions, for dyeing, for example based on 
aqueous dispersions or solutions with a solids content of from 5 
H 40% by weight, preferably from 5 to 20% by weight. Suitable 
coating materials include the aqueous dispersions, known per se, 

45 of homopolymers and copolymers of olefinically unsaturated 
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monomers or polyurethanes or else solutions of natural 
substances, such as of casein, for example. 

The polyisocyanate formulations of the invention are ^ed to the 
5 aqueous coating materials generally in an amount of 1 to 25% by 
weight, preferably from 2.5 to 20% by weight, based on the solxds 
content of the. coating material. 

They are applied to the substrate in a Kn *" 
10 example, of spraying at a rate of from 5 to 50 g solrds/m 

suitable dispersions of homopolymers or copolymers of 
clerically unsaturated monomers are, for example, =°nventronal 
dlsoerslons of homopolymers or copolymers based on vrnyl esters 
is at ctrboxvlic acids having 2 to 18, preferably 2 to 4, carbon 
" t omTsuS as vinyl acetate in particular. ^»^« ly " h 
„ p to ,0* by weight, based ™ ^« amo °^ ™^ t s. 
unsaturated monomers, of other olef xnxcaxxy u f 
and/or of homopolymers or copolymers of ^ eth)a « yl " Qm f 6 ^ c f as 
20 alcohols having 1 to 18, preferably 1 to 4 carbon ^s such 
(meth)acrylic acid, methyl, ethyl, propyl, hydroxyethyl or 
hyorox^ropyl esters in particular, together where appropriate 
with ufto 70% by weight of other olefinically unsaturated 
monomers, and/or butadiene -styrene 
25 content of about 20 to 60% by weight, and/or of other <^ne 
oolvmers or copolymers such as polybutadiene or copolymers of 
Stene with ot^r olefinically unsaturated monomers such as 
stvrene acrylonitrile and/or methacrylonitrile , for example, 
ana/or aqueous dispersions of polymers or copolymers ot 
30 "chloro^S-butadiene, where appropriate with other °lefrnrcally 
unsaiuratei monomers of the type exemplified above e.g , those 
with a chlorine content of about 30 to 40% by wexght, xn 
particular a chlorine content of about 36% by wexght. 

35 Preference is given to aqueous dispersions of copolymers of 90 to 
99 5% S weight of acrylates or methacrylates of alkanols 
containing 1 to 4 carbon atoms and 0.5 to 10% by weight based xn 
:°ach case'on the copolymer, of hydroxyalKyl «JJtJM- 
methacrylates having 2 to 20 carbon atoms xn the 
40 radical, such as hydroxyethyl, hydroxypropyl or hydroxybutyl 
acrylai; or methacrylate . Such dispersions are Known per se and 
can oe prepared conventionally by emulsion polymerxzatxon (see 
Houbenieyl, Methoden der organischen Chemie, 4- edxtxon, 



vol. E 20, p. 217 ff . ) • 
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Suitable aqueous polyurethane dispersions are those of the type 
known per se, as described in, for example, ™-\ 3 '11° 'f I* 
1,076,688, US-A 4,108,814, US-A 4,092,286, DE-A 2 651 505, US-A 
4,190,566, DE-A 2 732 131 or DE-A 2 811 148. 

5 The aqueous dispersions used may comprise the customary 

auxiliaries and additives. These include, for example, fillers, 
such as quartz powder, quartz sand, highly dispersed silica, 
heavy spar, calcium carbonate, chalk, dolomite or talc, which are 

10 often used together with suitable wetting agents such as 

polyphosphates, for example, such as sodium hexametaphosphate , 
napn^halenesulfonic acid, ammonium or sodium salts of polyacrylic 
acids, the wetting agents being added generally in amounts of 
from 0.2 to 0.6% by weight, based on filler. - 

" Further suitable auxiliaries are organic thickeners to be used in 
amounts, for example, of from 0.01 to 1% by weight, based on the 
dispersion, such as cellulose derivatives, alginates, starch or 
starch derivatives or polyacrylic acid, or inorganic thickeners. 

20 to be used in amounts of from 0.05 to 5% by weight, based on the 
dispersion, such as bentonites, for example. 

Fungicides for preservation may also be added to the dispersions. 
These are employed generally in amounts of from 0.02 to 1% by 
25 weight, based on the dispersion. Examples of suitable fungicides 
are phenol and cresol derivatives and also organotm compounds. 

Substrates for impregnation are, for example, synthetic or 
nonsynthetic fibers and/or woven or nonwoven fabrics comprising 
30 such fibers. 

The mixtures of the invention can be dispersed very finely in 
aqueous dispersions. The resulting dispersions are very stable on 
storage. Moreover, little of the water-emulsif iable 
35 polyisocyanate need be added in order to set the desired 

Properties of the dispersion or to achieve the desired properties 
during application. 

The mixtures of the invention can of course be provided with 
40 customary auxiliaries and additives of coatings technology. These 
include, for example, defoamers, thickeners, leveling assistants, 
pigments, emulsifiers, dispersing assistants, and also solvents. 
The desired processing viscosity is set by adding water. 

45 To prepare the dispersions it is sufficient in the majority of 
cases to use simple emulsifying techniques, for example, with a 
mechanical stirrer, or else in many cases simple mixing of the 
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two components by hand, in order to obtain dispersions having 
very good properties. Naturally it is also possible, however, to 
employ mixing techniques involving a relatively high shearing 
energy, such as jet dispersion, for example. 

5 

The coating materials comprising the mixtures of the invention 
may be used in particular as primers, sur facers, pigmented 
topcoat materials, and clearcoat materials in the sector of 
automotive refinish or the painting of large-size vehicles. The 

10 coating materials are particularly suitable for applications 
where particularly high application reliability, outdoor 
weathering stability, optical properties, solvent resistance, 
chemical resistance, and water resistance are required, such as 
in automotive refinishing and the painting of large-size 

15 vehicles. 

The coating materials comprising the mixtures of the invention 
may be applied by any of a wide variety of spraying methods, such 
as, for example, air-pressure, airless or electrostatic spraying 
20 methods using one-component or two-component spraying units, or 
else by spraying, troweling, knife coating, brushing, rolling, 
roller coating, flow coating, laminating, in-mold coating or 
coextrusion. 

25 The coatings are generally dried and cured under normal 
temperature conditions, i.e., without heating the coating. 
Alternatively, the mixtures of the invention may be used to 
produce coatings which following application are dried and cured 
at elevated temperature, e.g., at 40 - 250°C, preferably 40 - 

30 150°C, and especially from 40 to 100°C. 

Despite the fact that certain publications relating to the 
preparation of water-emulsif iable polyisocyanates , such as DE-Al 
40 01 783, EP-A2 206 059, EP-A2 486 881, EP-A1 540 985 or DE-Al 
35 199 58 170, include mixtures of isocyanurates and/or biurets of 
1,6-diisocyanatohexane (HDI) and isocyanurates of 
l-isocyanato-3 , 5 , 5-trimethyl-5-isocyanatomethylcyclohexane ( IPDI ) 
with emulsifiers within long lists of suitable starting 
isocyanates, it was impossible for the skilled worker to infer 
40 from any of the abovementioned publications any specific 
indication whatsoever that the mixtures according to the 
invention exhibit improved hardness, an improved increase in 
hardness, and a ready emulsif iability at the same time. Moreover, 
as compared with the prior art, the mixtures according to the 
45 invention exhibit a longer "potlife", this being the period of 
time within which a batch remains usable after all of the 
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constituents have been mixed, and does not, for example, undergo 
separation or premature curing. 

The examples which follow are intended to ******* f 6 
5 properties of the invention but without restricting it. 

Examples 

in this specification, unless indicated otherwise, parts are to 
10 be understood as meaning parts by weight. 

Tests 

All specimens were tested in the formulation given below: 



15 

Binder dispersion 



240 p Daotan® 1225 (from Solutia) 

119 p Plusaqua® V 608 (from Omya) 

20 310 p distilled water 

18 p Fluorad® FC 430 (from 3M) 

9 p AMP 90 (from Angus Chemie) 



one part of the polyisocyanate was added with stirring to one 
2 5 Part of this binoer dispersion (amount, relate to nonvolatrie 
weight fractions). 

for 24 hours under standard conditions (50% humidity, 23 C). The 
hardness of the paint films was then measure, by means of a 
pendulum damping test in accordance with DIN 53157 (Konig 
35 harass,. Measurements are indicated * P^^^^, . 
higher the number of pendulum swings, the harder the pax 

Isocyanate Al: 

40 HDI isocyanurate having an »CO content o£ 22.2% and a viscosity 
at 23°C of 2.8 Pas 

Isocyanate A2: 

45 HDI biuret having an NCO content of 22.0% and a viscosity at 23°C 
of 6-4 Pas 
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Isocyanate B: 

IPDI isocyanurate having an NCO content of 17.2% (Vestanat® T 
1890/100 from Degussa) 

5 

Abbreviations : 

HDI hexamethylene diisocyanate 

IPDI isophorone diisocyanate 
10 PC propylene carbonate 

p parts by weight 

Example Is Isocyanate Al hydrophilicized, xsocyanate B not 
hydrophilicized 

15 Example 1 - Isocyanate al hydrophilicized = isocyanate al 

600 5 a (1.20 mol) off a monofunctional polyethylene oxide with a 
molecular mass of 500, prepared starting from methanol, are added 
To 3 560 g (18.8 eq NCO) of isocyanate Al. After 3 hours at room 
20 ^mperatuL; hydrophilicized isocyanate al is obtained with an 
NCO content of 17.1% and a viscosity of 2.4 Pas. 

isocyanate al obtained can, it is true, be emulsified effectively 
in water by simple stirring, to give a fine emulsion, but 
exhlSts a slow increase in hardness and a low ultimate hardness. 
25 isocyanate al is mixed with isocyanate B at 100°C in the 

Proportions indicated in table 1. L ixe isocyanate al itself, the 
mixtures obtained can be emulsified effectively in water by 
Simple stirring, to produce fine emulsions but have 
increases in hardness and higher ultimate hardnesses (table 2). 

30 Table is isocyanate Al hydrophilicized, isocyanate B not 
hy drophi 1 ic i zed 



35 



40 



Example No. 1 



Isocyanate 
al 

(% by 
weight ) 



Isocyanate 
B 

(% by 
weight) 



Comparative, 



85 
75 
70 
100 



15 
25 
30 



NCO 

content 
(%) 



16.8 
16.9 
16.9 
16.8 



45 
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Table 2: Hardness increase and ultimate hardness of examples 1.1 
to 1.3 and comparative 



10 





Pendulum damping 




Baking temp. 


1.1 


1.2 


1.3 


C 


[°C] 










60 
70 


37 
54 


41 
58 


41 
60 


32 
47 


80 

90 

100 

110 

120 


76 

81 

105 

106 

107 


74 

98 

115 

119 

122 


91 

104 

122 

125 

127 


62 
72 
81 
83 
86 



Example II: Isocyanate Al and B hydrophilicized 
15 

Example 2 

- solvent-free isocyanate B hydrophilicized = isocyanate bl 

20 60 g (0.246 eq NCO) of isocyanate B were added to 6.7 g 
(0.007 mol) of a monofunctional polyethylene oxide with a 
molecular mass of 1 000, prepared starting from methanol and the 
components were stirred at 130°C for 80 minutes. The mixture was 
then cooled to room temperature. The product is a solid 

25 polyisocyanate (= bl) having an NCO content of 15.2%. The pure 
hyarophilicized isocyanate bl can be emulsified in water to give 
a white, coarse emulsion only with considerable mechanical 
effort. 

30 By preparing a mixture of isocyanate al from example 1 and bl at 
!oo°C a readily emulsif iable product is obtained which exhibits 
better emulsif lability and good properties in respect of the 
hardness of the coating. 



35 Table 3: Isocyanates Al and B hydrophilicized 



40 



45 



Example No. 2 



isocyanate 
al 

(% by 
weight) 



95 



85 



Comparative , 



75 



70 
100 



Isocyanate 
bl 

(% by 
weight) 



NCO con- 
tent 

(%) 



5 

15 



25 
30 



16.5 
16.6 



17.0 
1 



17, 
16.4 
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Table 4: Hardness increase and ultimate hardness of examples 2.1 
to 2.4 and comparative 



10 



Baking Temp. 
[°C] 



15 



70 



100 



110 



120 



Pendulum damping 



2.1 



24 



39 



55 



62 



69 



71 



72 



2.2 



28 



58 
72 



80 
91 



94 



96 



2.3 



32 



53 
70 



73 
85 



96 



100 



2.4 



42 



62 
76 



94 



107 



109 
111 



26 



50 



58 



67 



70 



73 



Example III. Isocyanate A2 hydrophilicized and isocyanate B not 
hydrophilicized 



Example 3 



- isocyanate A2 hydrophilicized = isocyanate a2 

20 

126 3 g (0.25 mol) of a monofunctional polyethylene oxide with a 
Ocular m aS s 0A0O, prepared starting fro. methanol are added 
to 800 g (4.19 eq NCO) of isocyanate A2 . After 3 hours at 70 C, 
hydrophilicized "isocyanate a2 is obtained, having an NCO content 
25 of 17 2% and a viscosity of 6.3 Pas. The pure isocyanate a2 

obtained can be emulsified effectively in water but exhrbrts only 
poor paint hardness properties. 

n By preparation of a mixture of isocyanate a2 ' is ° Cy&na ^^'f d 
30 propylene carbonate, a water-emulsif iable product rs obtained 
whiS exhibits a substantially higher paint hardness than a2 
alone . 

Table 5: Isocyanate A2 hydrophilicized, isocyanate B not 
hydrophilicized 



40 



45 



Example 3 


Isocyanate 
a2 


Isocyanate 
B 


PC 

(% by 


NCO con- 
tent 




(% by 


(% by 


weight) 


(%) 


1 


weight) 
64 


weight) 
16 


20 


13.5 


2 

Comparative 
C 


72 
80 


8 


20 
20 


13.1 
13.4 
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Table 6: Hardness increase and ultimate hardness of examples 3.1 
to 3.2 and comparative 



10 





Pendulum damping 




Baking temp. 


3.1 


3.2 


C 




r°ci 










60 


11 


16 


10 


70 


32 


30 


30 




80 ~~ 1 


55 


53 


5^ 


90 


76 


74 


62 


100 


96 


85 


69 


110 
120 


96 
109 


89 
92 


72 
88 



15 Example IV: Isocyanate A2 hydrophilicized and isocyanate B 
hydrophilicized. 



isocyanate 



Example 4 

20 - solvent-containing hydrophilicized isocyanate B 

14 a (0 014 mol) of a monofunctional polyethylene oxide with a 
Secular ma" of 1 000, prepared starting from methanol were 
molecular m isocyanate B in 

.'~d at 85°C for 3 hours and, after oooling, gives a turbxd, 
"soou. past hating an »CO oontent of 11% 

litn considerable mechanical effort oan be converted xnto an 
aqueous, coarse emulsion. 

By preparation of a mixture of isocyanate a2 from «-*J^ 3 ' 
Isocyanate b2, and propylene ^bonate water-emulsifxable 
products were obtained which exhibit ^^""^^iSSU 
hardness properties than a2 alone and an improved emulsif lability 

35 as compared with b2 alone. 



30 



Table 7: 



isocyanates A2 and B hydrophilicized 



40 



45 



Example No. 
4 



Comparative, 

C 



Isocyanate 
a2 

(% by 
weight) 



56 



64 
80 



Isocyanate 
b2 

(% by 
weight) 



Propylene 
carbonate 



24 



16 



(% by 
weight ) 



20 
20 



NCO con- 
tent 

(%) 



12.5 
12.7 



13.7 
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Table 8: Hardness increase and ultimate hardness of examples 4.1 
and 4.2 and comparative 



Pendulum damping 



Baking temp. 


4.1 


4.2 


C 


l°C] 








60 j 


18 


18 


10 


70 




33 


30 


80 


45 


49 


52 


90 


65 


67 


62 


100 

no 

120 


86 
97 
105 


85 
98 
98 


69 
72 
88 



10 



15 



20 



25 



30 



35 



40 



45 



